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(, Groun V - type one svstem with second order motor functicn and 
one eycess role in Gy. 
A, General. 

Two of the systems investigated fall into this group. They are 
the 1100 and 1500 svstems. The component functions for these systems 
were selected so as to revresent ohysical components which would be 
found in 3 practical servo system, Figures 6-1 end 6-2 illustrate 
the tlock dierram for these svstems respectively. 

Miso shown in figures 6-1 and 6-2 arc the locations of the roots 
of the besic svstems, The gain of each svstem has teen adjusted to 
make it wnsteble in ordcr thet e nore thorough eveluation of each 
compensator's commrt)ency mav be made. Thus, for these systems the 
Trim. ry objective of co~nmcnertion is stebilization: "hereas, the se- 
conisry objective is the vrovision of increased Pleyibilitv in the 
choice of root ficea aon. 

An exeminetion of figures 6-2 to 6-13 indicates thet much simi- 
larity exists between corresponding root loci of the two comcenseted 
“vetems, This fact is esvecia’ly truc for the »redominating sections 
of the reot loci. Therefore, bec uve of this similarity and in the 
interest of simmlicity, the analvsis of the effects cf a perticular 
compensator wil? be made be considering both s7stems sirulteneously 
and reserving further comment for anv significant Jifference «hich 
rey oyist between them until Tater. 

Be Cowrletel- satiefsctory conmpenss tors. 

Three of the concencators investig: ted »rovided conmletely setis- 
factory comoensetion. This Joes rot necessarily suggest thet thev are 
to be considered es the best corrensators - its sole me aning is that 
only one requirerent cust be met in order Lor Silas iy vO occur mm 
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(1) Tee network, 

Miievcomansator is ouite «[fective in conressitiny wen, un- 
Seeiele Sauer, It not only hss tie ebilith to stabilise 4 svegem but 
also it wrovides the desimner with consiicr: ble fleribi tity in wecting 
Specisicetiors, 

Tac sei Vite of this compensrtcr to stabilize cam reedi':” ae 
Seer mned by referring te the reot Icci shom or 
Gomes prectar tran 1,0, ‘lso firures 6-5 and 6~% for a greater ten 
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ticular. some methods ty «sch Q mar be increases consist ef: (1) 
PPercusins ke while maintaining a censtent, or (2) inerrasing a 

while maint: ining k, constant, rhe former ‘iethod will cruse § to 
wery from 0 to 1.°, whereas, the heticrygives a mere “ipited veriction, 
Likewise, the rost otvicus netho? of incrers’ng Ga is to increase 
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metho'’s or corbinetions thereof, desirstle veives of © and Un may 
be obteired. 
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combonents reGuired, a is ‘ivited in urgnitusc bt! that of the jeg net- 
mori!’ ccol@@wsatcr's pole. On te other han, k, raget be linited for 
Pao crent reasons, if aesirn recuirements specify a srall, steady 
Poete velocity ler errer, tren Se would be ‘imited tc large values. 
Thus this Viritetion could reduce the rayirun $§" available or in 
Mime = Ceses nullity toc stabilizing effect of tlis comja@msctor. 
commarison of figures 6-3 and 6-) reveals the e- ist-nec 
Or some differences in the root loci, The ~riswary soured of these 
Seererences iS te fret that tre roots of the tro besic svsters are 
@emmene Sawe, wWhese jiiferences are ex-ibited in two wevs: « ~nearved 
Pees 20 tc speee af the nredomin’ tine section of to com -le~ root 
Bere ond Cifferences in the scent LU, chenges as a varices, these 
Gifferences inererse vith «. Neverthelcss, the resarks previcusly 
made concerning the trenis of Q end de when verying k, and a 
Seeit aryoly, to each system, 
(2} "30" compensator with a not ecu) te 0, 
COmeecrssatpacn by Teesing back a Combination 7irst. Jeri vane 


@aeerro-ortional sicnel ("30C" coemrensator with a not eiicd to 0) Tees 
eiiective'y con-ensete - thouch net as well ¢es the les network -— the 
meetee’ Ss in to “evs: it induces stabititv end incresscs the fle-i- 
meee ella i= Ser roct reloceticn. be levis 15 =rovi eed sg 
ye ce menrdbor, os rerdity shom hv toe rost loci of ficures €=7 
and 6=(. fer svstens 1130 and 1520 respective’y, permits the desipner 
pereictively wide sclecticn of S& end Wy, that cen be ectuirey br 
varicticn ink, anda. Using this commensetcr, desired vetues of & 


mey be obtiimed either by increasing k, aoceve k_ i with a censtrnt 
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Ae) 


or Ly increasing a while k, is mainteined constayt. Tre fermrer 
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method ccuses Y& to range from C to 1 as k, increases while the 
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Mest S.inificant of thes 
Meee ty te urcen tor sredomin' ting sectuidns of ecch system's roct loci 
Meeeeers for vues cf $ lcss ten 0.2; whereas, the similarity 


Meme -OOd for waices cf S$ erceter than (.2. The other diffdrence 
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(7) #80" cornensetor, 

Sit ene this cem@ensstor does nrcevide sctisi-ctor# con- 

Mee cr C2 Ube svetme, it is not as effective cs the tue Fact 
Seevicesivy uiscussed, “hile it tors rrovide tre Gi-e derrcee of sta- 
Meee’ tiem bility provided is ccnsidepeb! reduced, In perticulen, 
Bee 90SSible ve ucs of & aveilable and tic methods of obtrining its 


Teraaticn revel: use of the "SO" coannensetor are Cuite “isitcd, fs 
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Sete lays we cniy Sipnificernt difference 116s in tees act that 
the roots of the two unconpensat«ed systris differ in number and lo- 


= 
! 


Semon, bis Causes Lae root. loci baving the largest number lof colecs 
eiimzeros tO be moresconolicatrd, tut not too mucid #it>o respeet to the 
ereicmmaling section of Comelex rcot loci. therefore, these var- 
ticular s@ctions show close ccrrespondence in al’ respect, 
G. Fartial'y stable compensetors. 

imo Ci see covecnsators investie tei aresconeiiered to bemen! 
Bartle! = siuistacter™ in compenscting the system. This is tue to 
the fact that thev cdo not sterilize an unstable svstem for every 
value of a. In one cece stebility is reelized only for values of 
a preatcr tean zero; n the othr case, stability occurs only for 
tow values of a. A yore dcteiled Jiscussion of these ccmnensetors 
oO.) ows. 

(1 j® Lead netvor:. 

The effectiveness of the teal network in comoensatines this 
paevyce System is considerably lirited, It will not sterilize fcr all 
values of a. In sitdition, shen it dees succeed in stabilizing tre 
hasic svster, the flevilbility whtcn it provides t'e desimner, while 
so-eshet similar to thet of the lag network, is more restricted. 

As shorm in figures 6-2 to €-6, th? criterion “hich seems 
Penoc bgameane tis comaensetor's ada? .ty to siabiltize is the siZeucr 
a. ‘or all the ceses investigrted,sxcent the cne showm in firure 4-), 


ime cCOmmtnsatcr Togs not strrilize tee s¥stem Been 2 eQ@lals ©. Tn 


bie case wv ere stability docs occur for a eduzl to C (shown in figure 
6-4) it is only werginal, and therefore, it is not a food compenseter. 
‘oreover, even theuch the velue of a is a>» ropriately selected, sta- 


edi onlysoccurs 7 cn ie is greater than the values of Kaw listed 


v4 


616 


i ee eilans Gall i ees 


Te *lerabi itv vrovited ty tris conmmensetcy, Smile scmamert 
ealeeer tO thzteat the lace netverk, -ctue!’- seems to siiplesant it. 
Tris can be observes by commaring the cffect of bcth compensators on 
the roct loci of any one of fipures 6-3 to 6-6, Mot only is there a 
ack yor 4 radical trensation between the roct loci of the tro dif- 
ferently compensated systems, but also the velues of GJ, evailable 
using one compensator supplements those available using the other; 
and yet, the method of varying Wr, is similar for both, Also similar 
are the methods and extent of variation of ¢& . This can be varied 
from 0 to 1 bv increasing kK above a, while maintaining a constent, 
er it cen be varied to a lesser extent by increasing a while mair- 
taining Ke constant. 

Tre only difference between the effect of the lead net- 
mem< on the two basic SvsteimNs can bé attributed to the small dif- 
ference in their uncomrenscted root loc=tion. Yor § srester then 
ap roximetelvy %.3 there is no signi*icant difference, but fora ¥¢ 
less than this the ae available in system 7120 is slightly less 
tiem that availacie in system 1520. 

(2) "60" compensator. 

The effectivensss of the "60" compensator, depending on 
Beeevaive of a used, can be either frir or tocr, this is due to the 
fect that imitations rleced on both stability and flexibility depend 
ona. fs shown in figures 6-1] and 6-12, for a not gre:ter than 1, 
the genera? characteristics are: stability occurs for a equal to 1 
or Jess, 311 values of $ fron © to 1 are available, and a reasonable 
varireticn in Gn is rossible. Jowever, fer a greeter than 1 the 


Beieral charecteristics «re: stdbitity derenis cn a, all rossible 
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in this ¢rotm erycc t system 19h0, 1% is of valuc to#Mentron bricft* 
wie ver@etion in ¢* and &, which is tossible using this compen- 
Sauer. @EssenvMally there arc two methois of verving “ . Cmeruay 


Memto Vory Kk while neinteininge constant: tar other 12 to vari a 
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Sige holding Ke censtent. The termner weliica a ibogc Ge Pou 
oer © vo | as k, increases above Kor’ The Lacover metieol causes the 
memietion in § to be ~orr restricte?. In the cgse of U5, its 
Metie = On nay be cause) ir vor- ng a. domgver, its renge of vairi- 
@tion is not orl; smelirr but elso less ccnsistcnt then that of QR. 
Sime wierc Tle;ibility ith respect te variatien in @)), is desirable 
tis compensotcr is eefinitel: nct too favorable, 
CC, rertielly satisfa tory compensators. 

Mive of the commensetors investigeted ere oniy pidrtially sevis-— 
Bae cs es ¢ Comcecnsator of the basic Sister, ahe resson for evel 
mare Leese Cormmensators os such is tye foly, sirst, the cornen— 
Geer OS “OU “rovide stahilizeticn for ell velues of @, and second, 
meeecornensator onlt iniuces stati’ trowmen these cnitude of Ke is 
Motvln 4 sist] finite rene, "ither one cr Poth cf these reasons may 
poe oO eCach cL tne comocnsetors discuss®d briefly be" Gar. 
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More’ le sPalerity retoeen thir com-cnsetor end 
HCO" commensator, The evcileble veriction in fF is siviler end 
that in Gy, is slightly better: but the conmmensstor'’s ever all 
Mest bility is still less duc to the additionel liritations on Ke 
Seo a arising trem tne neel to vrintrin stebility, These upper end 
lover limits on Ke are listed in table C-1, 

(2) lead net-ror'. 


The effectivencss of the lead network in compensating the 


Mm oii System is cuite similer te that of the lap netrork: however, here 
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mee eco.nlex rocts bhevinr sva’’ values cf GQ, are aveilable, This 


’ 
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mee com readi is he verified bv referring te Pigures 6~? or Cah, Pig ee) 
pee uwmeroct tect ct bot” cermmrcnerted evsuns -<totted torgelhrr, Thesd 
Meee cte wies?ect thet 2 racics? transition beuwrern Go esroct icci 
meee ae Se ci the lead and lam netpgorxs Joes ot crist. #5 a matter 
Of tact te@~ seem te supplement ech cther, “enec, evcest when a is 
Sema to C, the lesd netwerk can be ecnsidered to represent the lag 
netuerl: with a linited to only svall values; «nd the rerarks made 
Babee Lo the Ilztiuer elso al to the Lorrcr, 


5 
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i 2 iseeeug! tc © the comornsetl<:] Sigeea can not be stara- 


& sf ! « a E 5 ro, * ab! a Ty a es A c 4] Nana aie dt As be 
Meee ecsine 11S Campaensctcr, Vovcver, 2 or a nob ean? to 9%, scalias 
Hig: cen be induecd in ty syster previded k, is greater tfen the 
+4 4 CuO - f . aye ‘ SA (e ” ype 4 We es UF ica 7 y r + ° + 
Bees, kK. hese wetues of k , amiich deBcidh on a are listed in 

ex Cy a 
4 = 
wible -l, 
fa) 30" (eeeensrtoreit> et eam) too, , 
Me eetisrracs: of tb S COlBens Ucr aR wre car cesta 


eee 126 netrore: bocever, toere is one sirng§ oie: nt aif terence shi ch 


GkeS TE1S CO) 2 Somewhat Were effective. Basicelivy this iif- 


i, 


Fevenc@eis te f:ct treat toe compley r.ct loci are oriente@@in such 
mecashion treet thd imaciner*® avis hecoi-es tec eswijicte for a suf- 
rem y (arre., Thus, +s aqeccm Wr the roet teci of Tieure -5, an 
Peer lant cr the velnue cf ee cniwv exists wisen this lam@e value. of 
os exceooen, fs a reshit the 1 mitine veine ol a (thet which causes 
co;plete instelilitv if evceeded) alone with thet of ke ete much ai eer 
Meemeb ose crserved for the lar netror’, snd the eifectivenegs of ts 
Soe enselor is iy7rereea, Newerthe less, - lower linitame value cf 
mies csists for tiais compensrtor cnt is listed in talie t-1, 

AS one waicht<exndciwi row the siti lereuy of this <n7 tiga 
net-ork cormtens: tors, the methods of ol taining perticulsr velues of 
pir SS are also the sere. Consecuently, one is referred back to 
fete ciscussion for thd 1-s network fcr further inform-tion on tie 
feaieticn Gf thage rarcny ters. 

(i) short co nensator with a not ecual te C. 

Me use of sacenl] derivative foedimac”’ conhbincda@eath aro 
Portacne. peedteck (the "1,0" com cnsatcr “ith & not €cval bo @)\ tomes 
Tres come nea ton weich is soretst mere effective than thet of etc 
Peo! Comme nset cr Tr contrast te the Valter baeera tt Voc Gi eee 
Pen ingacete that cn as Taree the yar ponent eer is elvavrs stebhe 
fork, freater than ioe (velues of Kop ere Tisted in table €-1) but 
eT) a 4s Smo)! instcbilitvy oceurs. Tus it is ressible to Jrav 
an analogy Leturen teesr tue commensetcre. the "LO" corrensator for 
Poeeall sives nesriv te same poor cfiect nceved Ter tie eC coe 
setor with a Lene “t the seme tine thee"lO"™ comcénsetor tith 2. 
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nerpicvher, for tie t-'ter sito-tio, G and Gy mar ba veries 
in @Erest ion sizilaéy %) that of tke other fore cfiective comoensatocrs: 
however, a wider verietion in GQJyn is aveilable ue to the fact that 
the umecr Taina. ene: lorg “ot evist, 
(5) "60" com ensetor, 

imcenot for the fect that the rect loci ere more complicated, 
the effectivencss of the "60" comrnensator is very similer to thet of 
Pecwleeeeen® Jesd networks combined, This is reedily agcarentoin 
comparing the root loci cf firures €-2, @-l and €-7, However, one 
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system 19OFC, instability occurs ror ve lues of a greeter then 2 and 


feee tren 0,7. Recsuse of the close Similariey on wor stoke oe 
Gaeecity ean ~lesxihiljty rrovidgel by the N60" coeeen: ator to thet of 
Perea tesaenetworks, ope is reteeed Dace Cc tie Jiceisci cnc. 
Beener ef tee latter for further infor’ tional racards to pec 
former comrensetcr's effects. 
nD. Comnletely unsatisfactory compensators, 
Two ef toe comrensators investisste) are considered to be 


completely unsatiefactorv. This is tue to the fret that they are 
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